INTRODUCTION
F ibroblasts are the main cells of the gingival connective tissue and play a fundamental role in the integrity, longevity, and healing of the gingival connective tissue. [1] Healing of an injured tissue requires the presence of cells with regenerative capacity at the site. Fibroblasts should be able to synthesize the matrix while preserving their attachment to the extracellular matrix. This is particularly important in preserving the morphology and function of the cells as well as tissue integrity. [2] Wound healing is a complex process, which includes four phases of hemostasis, inflammation, proliferation, and remodeling. [3] The proliferation phase is particularly important due to the metabolic activity of the cells that cause tissue healing. [4] Periodontal wound healing is a unique process due to the mutual interactions of the hard and soft tissues in the periodontium. [5] The final morphology and function of tissue are influenced by a number of factors that affect different phases of healing. The final tissue can be a nonfunctional fibrous tissue (scar tissue), relatively functional repaired tissue, or a completely functional tissue. [6] Growth factors play a critical role in the process of healing. [7] Platelets contain different growth factors that guide the regenerating cells toward the wound site. The use of platelet-rich plasma is one method to procure a concentrated volume of growth factors for use at the wound site. [8] However, platelet-rich plasma releases the growth factors only for a short period of time and has poor mechanical properties. Thus, further research has been focused on platelet-rich fibrin (PRF), which is the second generation of platelet concentrates. No anticoagulant or activator is used for the preparation of this product. [9, 10] Slow and sustained release of growth factors (minimum of 7 days) is among the characteristics of PRF. [8] Recently, a modified form of PRF, namely advanced PRF (A-PRF), was introduced to the market. [11] Considering its lower speed of centrifugation, A-PRF contains higher amounts of platelets and growth factors and possesses better mechanical properties. To the best of authors' knowledge, rare study has compared the effects of leukocyte-PRF (L-PRF) and A-PRF on cell behavior. Thus, this study aimed to compare the effects of L-PRF and A-PRF on the viability and proliferation of human gingival fibroblasts (HGFs) in vitro.
MATERIALS AND METHODS

Blood collection
Blood samples were collected from two eligible candidates after obtaining their written informed consent. The volunteers were systemically healthy, had normal platelet count and blood factors, and had no intake of aspirin or other medications within the past 2 weeks before the onset of the study. This study was approved by the ethics committee (ethical code: IR.SBMU. RIDS. REC.1396.501).
Preparation of leukocyte-platelet-rich fibrin
A total of 27 mm of venous blood was collected in three 9-mm dry glass collecting tubes (Blood tubes®, Process, Nice, France) with no anticoagulant. According to the Choukroun's standard protocol, the tubes were immediately centrifuged at 2700 rpm (around 700 g) for 12 min. A fibrin blood clot was formed at the center of the tube between the blood cell sediments at the bottom and the overlaying serum at the top (containing plasma-poor platelet). The PRF clot was separated from the blood cells by scissors under a sterile hood. PRF box (Process, Nice, France) was used for the standardization of samples and their homogenization.
Preparation of advanced platelet-rich fibrin
A total of 10 mm of whole blood was centrifuged at 1500 rpm (100 g) for 14 min with no anticoagulant. The absence of anticoagulant in the blood sample allowed the formation of a fibrin clot at the center of the glass test tube between the red blood cell sediment at the bottom and acellular plasma at the top.
Cell culture and treatment
The HGF cell line was obtained from the National Cell Bank of Iran (NCBI, Pasteur Institute of Iran, Tehran). The fourth passage cells were seeded into 6-well plates (SPL Life Science, Korea) with 50,000 cell density in each dish containing Dulbecco's modified Eagle's medium (DMEM) (Gibco, Paisley, UK), plus 10% fetal bovine serum (FBS) (Gibco, Paisley, UK). After 24 h, the complete medium was replaced with Lowe serum medium (DMEM + 1% FBS) to stop cell proliferation. After 24 h, the cells were divided into 12 groups as follows:
Group 1: four culture media containing L-PRF, Group 2: four culture media containing A-PRF, Group 3 (negative control): two culture media containing 1% FBS, and Group 4 (positive control): two culture media containing 10% FBS.
To prevent accumulation and scraping of cells due to direct contact with PRF, the cell culture inserts (SPL Life Science, Korea) with 0.4 µm pore size were placed on the well plates. Next, PRF was transferred into the inserts such that the culture medium completely covered the PRF membranes.
Evaluation of proliferation and viability of the cells
After 24 and 48 h of culture, the cell cultures were rinsed with sterile phosphate-buffered saline (PBS) twice, and the proliferation and viability of the cells were evaluated using the methyl thiazolyl tetrazolium (MTT) assay. In brief, the MTT solution with a final concentration of 0.5 mg/mL was added to each culture dish at 24 and 48 h. The dishes were incubated at 37°C. After 4 h of incubation, the medium containing MTT was extracted and dimethyl sulfoxide was added to each dish, which resulted in the formation of insoluble crystals. Next, 100 µL of the solution was added to 96-well plates of enzyme-linked immunosorbent assay reader. The optical density was read at 570-620 nm wavelength.
Assessment of cell migration
In vitro scratch test or wound healing test was used for assessment of cell migration. The cells were seeded into 6-well plates with 50,000 cell density. Using a sterile sampler, 100 vertical scratches were created in each well (time zero). Each well was rinsed with complete culture medium twice to remove the cells scraped off from the bottom of the wells and were stuck in the scratches. Each well was then treated with PRF using cell culture inserts. The control group did not receive any treatment. The insert along with the PRF membrane was removed from the wells after 24 and 48 h of exposure, and the wells were rinsed with cold PBS, fixed with ice-cold 100% methanol, and stained with 20% ethanol containing 0.5% crystal violet. The stained cells were inspected under an inverted microscope at ×4 magnification, and digital images were obtained. The rate of cell migration was determined using Image J software (National Institutes of Health, Bethesda, MD, USA).
Statistical analysis
Each test was repeated in triplicate, and the results were analyzed using SPSS version 25 (SPSS Inc., IL, USA) through one-way ANOVA. Pairwise comparisons were carried out using the Tukey's test. The level of significance was set at P < 0.005. Figure 1 , at 24 h, a significant increase in cell proliferation was noted in A-PRF (152 ± 4%), L-PRF (187.5 ± 4%), and positive control groups (154.7 ± 5%) compared to the negative control group (100% viability). Furthermore, L-PRF caused a significant increase in cell proliferation compared to the positive control group (P < 0.05), but the difference between the A-PRF and positive control groups was not significant. At 48 h, cell proliferation in the A-PRF (140 ± 4%), L-PRF (132.3 ± 2%), and positive control groups (165.3 ± 3%) significantly increased compared to the negative control (P < 0.05). Furthermore, the A-PRF and L-PRF groups showed a significant increase in cell proliferation compared to the positive control. On the other hand, a significant difference was noted in cell viability and proliferation at 24 and 48 h in the L-PRF and A-PRF groups, respectively, such that cell viability at 24 h was significantly higher than that at 48 h (P < 0.05). Figures 2 and 3 , the migration of HGFs at 24 h significantly increased in the L-PRF group compared to the negative control (P < 0.05). However, at 48 h, a significant increase in migration and improvement of wound healing was noted in both the L-PRF (P < 0.05) and A-PRF (P < 0.01) groups compared to the negative control. Comparison of 24-and 48-h time points revealed a significant increase in cell migration in only A-PRF group (P < 0.001). No significant difference was noted between the two time points in other groups.
RESULTS
As shown in
Comparison of the groups revealed no significant difference in cell migration between the positive control and L-PRF groups at 24 h (P > 0.05). However, cell migration in the aforementioned two groups had significant differences with that in the negative control and A-PRF groups (P < 0.05). At this time point, the difference in cell migration between the negative control and A-PRF group was not significant (P > 0.05).
At 48 h, cell migration in L-PRF, A-PRF, and positive control groups had significant differences with that in the negative control group. The highest difference was noted between A-PRF and negative control groups (P < 0.01). The difference in cell migration of L-PRF and positive control groups with that of negative control was also significant (P < 0.05). Although maximum cell migration at 48 h was noted in the A-PRF group, this value had no significant difference with that in the L-PRF and positive control groups (P > 0.05).
DISCUSSION
According to the current findings, cell viability and proliferation at 24 h after treatment were higher than those at 48 h. At 24 h, cell viability and proliferation in the L-PRF group were significantly higher than those in the A-PRF and positive control groups. In a study by Vahabi et al., exposure of cultured cells to PRF membrane had significant effects on their proliferation at 24 h compared to the negative control group. Nonetheless, at 48 and 72 h, PRF showed an inverse effect and caused 38% and 60% reduction in viability and proliferation of HGFs, respectively, compared to the negative control group, which was in agreement with our findings. [12] They also used the MTT assay similar to our study to assess the viability and proliferation of HGFs. Dohan Ehrenfest et al. evaluated the effects of PRF on primary culture of gingival fibroblasts using the MTT assay and showed that PRF induced significant and continuous proliferation of different types of cells, which was different from our findings. [13] Evidence shows that a platelet concentrate with a concentration 2.5 times the normal value in blood is ideal for cell proliferation. [14] Fundamental changes in platelet concentrates such as PRF are not possible, and growth factors are released slowly within 7 days. [8] Furthermore, it should be noted that PRF includes all platelets derived from blood products, and the blood clot volume before concentration accounts for 40% of the volume of the final product. Accordingly, in such concentrates, the product has 2.5 times the platelet count of the blood. However, this topic is in need of further investigation.
According to the current results, the effect of L-PRF on the viability of HGFs at 24 h was greater than that of A-PRF; but, the viability of cells after 48 h of exposure was the same for both products. Evidence shows that platelet concentrates contain a number of factors with different effects. [15] Variations in the amounts of these factors in different platelet concentrates can lead to different outcomes in terms of cell viability. Furthermore, some studies only assessed the effects of supernatants of platelet concentrates, and the effects of the whole product were disregarded. [15] PRF is a concentrated fibrin with a specific matrix structure and special cell content, and its exudate is not the only part derived from it.
In the present study, we tried our best to standardize the process of production of L-PRF and A-PRF. The preparation of these concentrates was relatively easy and affordable and did not require any special equipment. L-PRF is a novel advancement in the field of platelet concentrates because it is a fibrin membrane containing platelets and trapped leukocytes. Such strong membranes have excellent properties and can be firmly sutured in suitable anatomical sites during open surgery. However, the physical and biological properties of L-PRF have been less commonly investigated. One important criterion in the preparation of L-PRF membrane is the time lapse between blood collection and centrifugation. The success of L-PRF technique, in general, depends on fast blood collection, its immediate transfer for centrifugation (within approximately 1 min), and 21°C centrifugation temperature. If blood collection takes too long and adequate, homogeneity is not achieved or if the centrifugation temperature is 21°C to 30°C, a good-quality L-PRF with a suitable cell content, efficient matrix structure, and adequate growth factor release profile is not achieved. [16] Evidence shows that L-PRF has the ability to induce guided tissue regeneration through endogenous cell homing and is, therefore, an important biomaterial in regenerative medicine. [17] A-PRF has higher amounts of platelets and growth factors and superior mechanical properties compared to PRF due to lower speed of centrifugation. It also has higher white blood cell content, and due to low speed of centrifugation, this fibrin clot is softer than the original PRF. [11] Fujioka-Kobayashi et al. demonstrated that A-PRF concentrates caused higher proliferation and migration of HGFs compared to L-PRF. [18] In the present study, cell migration in the A-PRF group was lower than that in the L-PRF group after 24 h of exposure and higher than that in the L-PRF group after 48 h of exposure, which was relatively in line with the current findings.
In previous studies, blood was collected from several candidates; thus, between-group comparisons were problematic. Evidence shows that significant differences exist between individuals with similar platelet concentrations in terms of concentration of growth factors. [19] [20] [21] Interindividual differences are partly responsible for the difference in the reported results of previous studies regarding the effects of platelet concentrates. In the present study, all blood samples were collected from two In vitro studies are beneficial for the assessment of the biological effects of PRF on periodontal cells. However, in vitro results have limitations in terms of generalization to the clinical setting. Further studies are required to compare different platelet formulations to determine different therapeutic scenarios in the clinical setting.
CONCLUSION
Within the limitations of this study, L-PRF and A-PRF had significant effects on the viability of HGFs. Further studies on these platelet concentrates are warranted.
